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Description 
DISTINGUISHING OPTICAL DISC TYPES 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to optical disc type discrimi- 
nation in an optical disc apparatus. More specifically, a 
device and method for correctly distinguishing optical disc 
type independent of the velocity of the focusing lens is 
disclosed. 

[0003] 2. Description of the Prior Art 

[0004] Many of today's optical disc devices are designed to oper- 
ate using more than one type of optical disc. For example, 
a single optical disc drive may be capable of reading/writ- 
ing at least CD, CD-R, CD-RW, and DVD formats. Because 
the wavelength of a laser optimized for use with a CD is 
longer than the wavelength of a laser optimized for use 
with a DVD, it is of fundamental importance for the mod- 
ern optical disc apparatus to distinguish automatically, 
quickly, and correctly, which type of optical disc is cur- 



rently being utilized. Once the determination has been 
made, the optical disc apparatus selects the appropriate 
laser according to the disc type. 

[0005] Most current optical discs have been standardized to be 
approximately 12mm in diameter and about 1.2mm thick. 
The optical discs have a protective surface layer and an 
underlying data layer where the desired information is 
recorded. Although there may also be differences between 
the exact structure and composition of the data layer (or 
layers), one major difference between a CD and a DVD is 
the respective distance between the surface layer 105, 
125 and the data layer 110, 130 as shown in Fig.l. For a 
CD 100, this distance is nearly the thickness of the disc, 
or about 1.2mm. For a DVD 120, this distance is about 
half the thickness of the disc, or approximately 0.6mm. 

[0006] When determining the type of optical disc currently 
loaded, the optical disc apparatus normally utilizes a 
fixed-force to raise and then lower an optical focusing 
lens within a narrow, predefined range at a constant 
known velocity. As the lens is moved closer to the optical 
disc, the focus of the laser moves to the surface layer of 
the disc, then through the surface layer of the disc, and 
eventually to the data layer and perhaps beyond. When the 



direction of motion of tlie lens is reversed, the focus of 
tlie laser again passes through the data layer and eventu- 
ally through the surface layer of the disc. Because of the 
different laser wavelengths and relative compositions of 
CDs and DVDs, a CD will reflect light generated by a laser 
having a wavelength optimized for a CD better than light 
from a laser optimized for a DVD. Conversely, a DVD will 
reflect light from a laser having a wavelength optimized 
for a DVD better than light generated by a laser optimized 
for a CD. Reflected light maximizes when the laser focus 
centers on the data layer or the surface layer. 
[0007] Fig. 2 illustrates one method to determine optical disc type 
that uses a focus error (FE) signal. In this example, a CD 
has been inserted into the optical disc apparatus. Also 
shown in Fig. 2 is a generated SBAD signal, which is a sum 
of all reflected light received by sensors in the pickup 
head of the optical disc apparatus, and an FOSO signal in- 
dicating the distance between the lens and the surface of 
the optical disc. First, a DVD laser is turned on and the 
lens is moved toward the surface of the disc. As the focus 
of the laser passes through the surface layer at a point on 
the chart marked A, reflected light increases somewhat, as 
is indicated by the SBAD signal. As the laser focus reaches 



the data layer, marked B, the quantity of reflected light 
again increases. Note that here, the FE also shows a minor 
deviation from normal, but the deviation is small. When 
the movement of the lens toward the disc reaches the end 
of the predefined range, the DVD laser is turned off, the 
CD laser is turned on, and lens movement away from the 
optical disc commences. When the focus of the laser again 
reaches the data layer (marked C), the levels of reflected 
light again surges as shown. However, because the optical 
disc in question happens to be a CD and now a laser with 
a wavelength optimized for a CD is being used, the FE 
signal Jumps markedly. Because the increase in the FE sig- 
nal at the data layer is larger with the CD laser than it is 
with a DVD laser, the optical disc is determined to be a 
CD. 

[0008] Fig3 illustrates the same scenario when a DVD has been 
inserted into the optical disc apparatus. The DVD laser is 
turned on and the lens is forced toward the optical disc. 
The DVD laser is then turned off and the lens withdrawn 
from the optical disc. As is clearly shown, this time the 
largest jump in the FE when the lens is focused on the 
data layer occurs at B (the FE signal is greater at B than at 
C). Thus, the unidentified optical disc is determined to be 



a DVD. Because the method depends entirely upon the 
relative reflectivity of the different disc layers, consistency 
in the reflective relationships for each type of optical disc 
is a requirement often difficult to meet across all optical 
disc formats, compositions, and manufacturers. 
[0009] Another common method to distinguish whether a CD or a 
DVD is being used utilizes the difference in distance be- 
tween the surface layer and the data layer. U.S. Pat. No. 
6,021,102, issued to Seto, et al. and herein incorporated 
by reference, provides a detailed explanation of one such 
method. Again, when determining the type of optical disc 
currently loaded, the optical disc apparatus utilizes a fixed 
force to raise and then lower an optical lens within a nar- 
row, predefined range at a fixed velocity. However, in this 
method, using surges in the SBAD signal, the amount of 
time it takes for the moving lens to shift from being fo- 
cused on the surface layer until it focuses on the data 
layer (or visa versa) determines the type of optical disc. 
Because the velocity of the moving lens is constant and 
known, once the time is known, the distance between the 
surface layer and the data layer can be estimated accord- 
ing to the formula Velocity*Time = Distance. The esti- 
mated distance indicates the type of disc. 



[0010] Fig. 4 illustrates an example related time value T be- 

^ ^ cd 

tween surges in the SBAD signal when a CD has been in- 
serted into the optical disc apparatus. Fig. 5 shows the 
same information when a DVD is loaded. Because the 
speed of the lens is constant and the distance between 
the surface layer A and the data layer B in a CD (Fig. 4) is 
approximately twice the distance between the surface 
layer A and the data layer B in a DVD (Fig. 5), the value of T^^ 
is approximately twice the value of T^^^, allowing for 
identification of the optical disc type. 
[0011] The first method requires the reflective relationships of 
the respective discs to be consistent to work well. How- 
ever, manufacturing tolerances vary widely and this 
method is not always applicable. The second method, that 
of using the distance between the surface layer and the 
data layer to determine optical disc types predominantly 
removes the reflectivity problem but introduces a new 
problem of requiring the precise velocity of the lens to be 
known. The measurements of the distance between the 
surface layer and the data layer of an optical disc utilizing 
various discs and apparatus will generally fall within cer- 
tain ranges depending upon optical disc type. However, 
again due to variations in manufacturing tolerances and 



improvements in teclinologies, the velocity of the lens 
may vary considerably from manufacturer to manufacturer 
and model to model. Inconsistency in velocities across 
manufacturers may force at least portions of ranges indi- 
cating optical disc type to overlap. As a result, the optical 

disc type may be determined incorrectly. 
Summary of Invention 

[0012] It is therefore a primary objective of the claimed invention 
to provide a device and method for distinguishing optical 
disc types that does not depend on the reflectivity of the 
optical disc or on the velocity of the focusing lens in an 
optical disc apparatus. 

[0013] According to the claimed invention, an optical disc appa- 
ratus includes a memory, a control circuit, a motor, a 
spindle, and a pickup head 16. The memory includes pro- 
grams and thresholds for optical disc type determination 
according to the present invention and for operation of 
the optical disc apparatus. Included in the control circuit 
are one or more timers. The pickup head 16 has at least 
one laser for emitting light onto an optical disc through a 
focusing lens and optical sensors for generating signals 
according to the light reflected from the optical disc. 

[0014] When determining the type of optical disc, the optical disc 



apparatus utilizes a fixed force to move the focusing lens 
at a constant velocity. As the focusing lens is moved to- 
wards the optical disc, the focal point of the optical lens 
moves through the layers of the optical disc. A first dura- 
tion is measured that indicates how much time it takes for 
the moving focal point to pass through a first layer of the 
optical disc. A second duration is also measured that indi- 
cates how much time it takes for the moving focal point to 
move from the first layer to a second layer of the optical 
disc. 

[0015] Once the first and second durations are known, the type 
of optical disc currently loaded can be accurately deter- 
mined. A ratio of the second duration to the first duration 
approximates a ratio of the distance between the first and 
second layers of the optical disc to the thickness of the 
first layer and can be compared with predefined indepen- 
dent ranges of results to accurately determine optical disc 
type. 

[0016] These and other objectives of the claimed invention will 
no doubt become obvious to those of ordinary skill in the 
art after reading the following detailed description of the 
preferred embodiment, which is illustrated in the various 
figures and drawings. 



Brief Description of Drawings 

[0017] Fig.l illustrates the relative locations of surface and data 
layers in a CD and a DVD. 

[0018] Fig. 2 illustrates one method of determining an optical disc 
type when the unknown disc is a CD. 

[0019] Fig. 3 illustrates the method of Fig. 2 for determining an 
optical disc type when the unknown disc is a DVD. 

[0020] Fig. 4 illustrates a second method of determining an opti- 
cal disc type when the unknown disc is a CD. 

[0021] Fig. 5 illustrates the method of Fig. 4 for determining an 
optical disc type when the unknown disc is a DVD. 

[0022] Fig. 6 is a schematic diagram of an optical disc apparatus. 

[0023] Fig. 7 illustrates determining an optical disc type according 

to the present invention. 

[0024] Fig. 8 is a flow chart of distinguishing an optical disc type 

according to the present invention. 
Detailed Description 

[0025] Fig. 6 is a schematic diagram of an optical disc apparatus 
10. The optical disc apparatus comprises a memory 20, a 
control circuit 18, a motor 12, a spindle 14, and a pickup 
head 16. Also shown in Fig. 6 is an optical disc 24, which 
may be either a CD or a DVD, loaded on the rotor 14. The 



memory comprises programs for operation of tlie optical 
disc apparatus 10 according to tlie present invention and 
may also function as a storage area for data read from or 
to be written to the optical disc 24. Under control of the 
control circuit 18, the motor 12 spins the spindle 14 that 
rotates the optical disc 24 across the pickup head 16. In- 
cluded in the control circuit 18 are one or more timers, 
preferably hardware timers, but software implemented 
timers may be also be possible. The pickup head 16 com- 
prises a laser for emitting light onto the optical disc 24, a 
focusing lens 22 for focusing the emitted light on a pre- 
cise location within the optical disc 24, and optical sen- 
sors for generating signals according to the light reflected 
from the optical disc 24. 

[0026] As previously noted, for proper functionality and to avoid 
possible damage to the optical disc 24, the optical disc 
apparatus should utilize a laser having a wavelength opti- 
mized for the specific type of optical disc 24. Normally, 
the pickup head 16 would comprise at least two lasers, 
one optimized for a CD and a second laser optimized for a 
DVD, however, only one focusing lens 22 is illustrated in 
Fig. 6 for clarity. 

[0027] When determining the type of optical disc 24 currently 



loaded, the optical disc apparatus 10 utilizes a fixed force 
to raise the optical focusing lens 22 at a constant velocity. 
It is to be understood that, in the present invention, the 
optical disc 24 type may be determined either by raising 
or by lowering the focusing lens 22. However, for clarity, 
this disclosure will center on an embodiment where the 
focusing lens 22 is raised during optical disc 24 type de- 
termination. 

[0028] Light emitted from the laser in the pickup head 16 is fo- 
cused onto the optical disc 24 by the focusing lens 22. As 
the focusing lens 22 is raised toward the optical disc 24 
(so that a distance between the focusing lens 22 and the 
optical disc 24 becomes shorter), the focal point of the 
optical lens 22 moves through the layers of the optical 
disc. The range of movement of the optical lens 22 is 
subject to design considerations and not limiting but may 
fall within a narrow range of between half of the thickness 
of the optical disc 24 and approximately the thickness of 
the optical disc 24 for best results. 

[0029] Please refer again to Fig.l in conjunction with Fig. 6. As 

the focusing lens 22 is raised closer to the optical disc 24, 
the focal point of the focusing lens 22 moves to the sur- 
face layer 105, 125 of the optical disc 24, then through 



the surface layer 105, 125, and eventually to and through 
the data layer 110, 130 of the optical disc 24, and possi- 
bly beyond. Reflected light maximizes when the focal 
point centers on the data layer 110,130 or the surface 
layer 105, 125. The optical sensors within the pickup 
head 16 generate signals according to the reflected light. 
Normally there are at least four optical sensors for gener- 
ating a range of signals such as a focus error (FE) and a 
signal representing a sum of the reflected light received 
by all four sensors (A+B+C+D) known as SBAD. Also gen- 
erated is an FOSO signal that indicates the distance be- 
tween the focusing lens 22 and the surface of the optical 
disc 24. These generated signals are passed to the control 
circuit 18 and utilized for controlling operations of the 
optical disc apparatus 10. 
[0030] When the optical disc 24 is initially loaded onto the spin- 
dle 14, the optical disc apparatus 10 must first distinguish 
whether the loaded optical disc 24 is a CD or a DVD in or- 
der to employ the correct laser for further data process- 
ing. Unlike prior art methods that depend upon consistent 
optical disc reflectivity or a known focusing lens speed, 
the present invention requires only timers. A first duration 
is measured that indicates how much time it takes for the 



moving focal point to pass tlirough a first layer of the op- 
tical disc 24. A second duration is also measured that in- 
dicates how much time it takes for the moving focal point 
to move from the first layer to a second layer of the opti- 
cal disc 24. 

[0031] Although manufacturing tolerances or other concerns may 
cause small differences in the thickness of the respective 
layers of the optical disc 24, these variations are relatively 
minor when compared with the distance between the sur- 
face layer 105, 125 and the data layer 110, 130 of the op- 
tical disc 24. Therefore, the present invention effectively 
compares the thickness of a layer with the distance be- 
tween layers of the optical disc 24. For example, the dis- 
tance between the surface layer 105, 125 and the data 
layer 110, 130 can be divided by the thickness of the sur- 
face layer 105, 125 to distinguish the optical disc type. 

[0032] The present invention utilizes only the timers comprised 
by the optical disc apparatus 10 to find the distances re- 
quired to obtain the quotient that enables distinguishing 
the optical disc 24 type. Please refer to Fig. 7, which illus- 
trates an application of the procedure. Fig. 7 is a chart 
showing example FE, SBAD, and FOSO signals during an 
optical disc type determination process. As the focusing 



lens 22 moves toward the optical disc 24 (as shown by the 
FOSO signal), the focal point of the focusing lens 22 also 
draws near to the surface layer 105, 125 of the optical 
disc 24. Because the focal point has not yet reached the 
surface layer 105, 125, the signals FE and SBAD remain 
relatively constant and flat. As the focal point reaches the 
surface layer 105, 125, the surface layer begins to reflect 
more light, resulting in a jump in the SBAD signal as 
shown. As the focal point moves through the surface layer 
105, 125, the SBAD increases, maximizes at point A, then 
decreases again as the focal point leaves the surface layer 
105, 125. As the lens continues to move toward the opti- 
cal disc 24, the focal point eventually reaches the data 
layer 110, 130 where the SBAD signal again jumps, maxi- 
mizes at point B, and then decreases as the focal point 
leaves the data layer 110, 130. 
[0033] To avoid faulty signals due to noise or other causes, a first 
predetermined threshold can be utilized by the optical 
disc apparatus 10 to know when the SBAD signal indicates 
that the focal point has reached, or left, the surface layer 
105, 125. A second predefined threshold can also be uti- 
lized by the optical disc apparatus 10 to know when the 
SBAD signal indicates that the focal point has reached, or 



left, the data layer 110, 130. Values for the first and the 
second predefined thresholds can be determined experi- 
mentally. When the SBAD signal exceeds the first prede- 
termined threshold, the optical disc apparatus starts a 
first timer. The first timer is stopped when the SBAD sig- 
nal no longer exceeds the first predetermined threshold. 
The duration (called a first duration and shown as Tl in 
Fig. 7) indicated by the first timer approximately equals 
the amount of time taken for the focal point to move 
through the surface layer 105, 125 of the optical disc 24. 
A second timer is started when the SBAD signal peaks 
above the first predefined threshold, indicating that the 
focal point is approximately centered within the surface 
layer 105, 125. The second timer is stopped the SBAD 
signal peaks above the second predefined threshold, indi- 
cating that the focal point is approximately centered 
within the data layer 110, 130. It may be possible to start 
and stop the second timer at points other than peaks 
above the respective thresholds, such as when the SBAD 
signal initially exceeds or decreases below the respective 
thresholds without departing from the spirit of the inven- 
tion. The importance of the second timer is to know the 
amount of time (called a second duration and shown as T 



in Fig. 7) that it tal<es the focal point to travel from a 
known point in the surface layer 105, 125 to a known 
point in the data layer 110, 130. A third timer can also be 
utilized similarly to record a third duration (shown as T2 
in Fig. 7) for the traversal of the data layer 110, 130. 

[0034] Once the first and second durations are known, the type 
of optical disc 24 currently loaded on the spindle 14 can 
be accurately determined without the prior art necessity of 
considering the speed with which the focusing lens is 
moved. Time = Distance/Velocity. Therefore, T = X/V, Tl 
= Xl/V, and T2 = X2/V. Here, X is the distance between 
the surface layer 105, 125 and the data layer 110, 130, XI 
is the thickness of the surface layer 105, 125, X2 is the 
thickness of the data layer 110, 130, and T, Tl, and T2 
are the second, the first, and the third durations respec- 
tively. Because the velocity of the focusing lens 22 is sub- 
stantially constant, these simple equations can be com- 
bined to eliminate the velocity factor. 

[0035] For example, if T = X/V and Tl = Xl/V, then T/Tl = 

(X/V)/(X1/V) = X/Xl. Alternatively, if T = X/V and T2 = 
X2/V, then T/T2 = (X/V)/(X2/V) = X/X2. Note that X/Xl is 
the ratio of the distance between the surface layer 105, 
125 and the data layer 110, 130 to the thickness of the 



surface layer 105, 125. Because T (the second duration) 
and Tl (the first duration) are both l<nown, the ratio of X/ 
XI is easily calculated and the optical disc 24 type can be 
accurately determined. The optical disc 24 type can be 
just as easily calculated using the formula T/T2 that indi- 
cates the ratio of the distance between the surface layer 
105, 125 and the data layer 110, 130 to the thickness of 
the data layer 110, 130. Either or both methods may be 
used. Additionally, the above-described durations may 
just as easily be calculated with the focusing lens 22 mov- 
ing away from the optical disc 24 as when the focusing 
lens 22 is moving toward the lens. Both methods are in- 
tended to fall within the intended scope of the present in- 
vention. 

[0036] The quotient resulting from T/Tl (second duration / first 
duration) or from T/T2 (second duration / third duration) 
can be used to determine optical disc 24 type. If the quo- 
tient falls within a first range, the optical disc 24 is deter- 
mined to be a DVD. If the quotient falls within a second 
range, the optical disc 24 is determined to be a CD. The 
specific values that can be used to indicate the respective 
ranges can be determined by experimentation using opti- 
cal discs from many manufacturers in optical disc appara- 



tus from many different manufactures. As stated, the dis- 
tance between the surface layer 105 and the data layer 
110 of a CD is approximately twice the distance between 
the surface layer 125 and the data layer 130 of a DVD. 
Therefore, despite manufacturing tolerances, the first 
range and the second range of the quotient results do not 
overlap and would normally be separated by a large gap 
between the ranges, allowing for accurate optical disc 24 
type determination. 
[0037] Fig. 8 presents a flow chart of the present invention. First 
(Step 110), light is emitted from a laser in the pickup head 
16. Either a laser optimized for a CD or a laser optimized 
for a DVD may be used during the optical disc type deter- 
mination process. The emitted light passes through the 
focusing lens 22 towards the optical disc 24. Next in Step 
110, the focusing lens 22 is moved towards (or possibly 
away from) the optical disc 24 at constant velocity. With 
the focusing lens moving, a first duration that the SBAD 
signal exceeds the first predefined threshold (Step 120) is 
measured. During the first duration, preferably at a peak 
in the SBAD signal, a second timer is started (Step 130) to 
measure a second duration. The second timer is stopped, 
preferably at a peak in the SBAD signal, during a third du- 



ration when the SBAD signal exceeds a third predefined 
threshold. Then, in Step 140, the optical disc type is dis- 
tinguished according to the ratio of the second duration 
to the first duration. 

[0038] An optical disc apparatus according to the present inven- 
tion would include the spindle 14, the motor 12, the 
pickup head 16, the focusing lens 22, the control circuit 
18, and the memory 20 shown in Fig. 6. The pickup head 
16 includes at least one laser for emitting light to the op- 
tical disc and optical sensors for generating signals ac- 
cording to the light reflected from the optical disc. The 
control circuit includes timers utilized during the optical 
disc type determination process. Additionally, the memory 
20, which may be of any type of flash memory, ROM, or 
RAM, should comprise computer code capable of distin- 
guishing optical disc 24 type according to the present in- 
vention, which may include values indicating the first and 
second predefined thresholds and values indicating the 
result ranges to be used for determining the optical disc 
24 type. The predefined threshold levels would preferably 
also be stored in the memory 20. 

[0039] In conclusion, the present invention eliminates the prior 
art problems of requiring consistency in optical disc re- 



flectivity across types and manufacturers and further 
overcomes constraints necessitating different optical disc 
type determination systems for different optical disc ap- 
paratus having different focusing lens velocities due to 
manufacturing tolerances and design considerations. The 
present invention removes the velocity factor by calculat- 
ing the first duration, that of time taken to transverse a 
first layer of the optical disc, and a second duration, that 
of time taken to move from a known location in the first 
layer to a known location in a second layer of the optical 
disc. The ratio of the second duration to the first duration 
approximates the ratio of the distance between the first 
and second layers of the optical disc to the thickness of 
the first layer and can be compared with predefined inde- 
pendent ranges of results to accurately determine optical 
disc type. 

[0040] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method 
may be made while retaining the teachings of the inven- 
tion. For example, obviously a ratio of the first duration to 
the second duration or any ratio combining the second 
and third durations, along with accompanying alterations 
in the ranges of results, may also be used without depart- 



ing from the spirit of tlie invention. Accordingly, tlie 
above disclosure should be construed as limited only 
the metes and bounds of the appended claims. 



